Abstract Worldwide declines in fish stocks have a significant impact on the livelihoods of coastal fishing communities as jobs are lost and alternative forms of employment are limited. Mariculture (marine aquaculture) is considered by governments to be a viable solution to address unemployment and poverty in such communities. In Saldanha Bay, South Africa, the growing mussel and oyster industry has considerable potential for poverty alleviation, hence food security enhancement. In the first part of this study, we examine the potential ecological carrying capacity of the Bay to produce bivalves, and estimate the impact of this on employment creation should the sector's growth potential be fully realised. This growth potential could take the sector to 10 to 28 times its current size, providing direct employment for 940 to 2,500 people in the Saldanha area. Secondly, we assess five factors that affect the sustainable growth, development and employment creation potential of small-scale mariculture in South Africa and other countries. These are state support, markets, funding, the natural environment and the local community. Participants in the sector perceive its expansion potential to be hampered by regulatory issues such as incomplete implementation of a cohesive and accessible financial support policy, slow processing of mandatory samples required to monitor product safety, poor facilitation of access to international markets, price undercutting by imports subsidized in their countries of origin, and injuriously high lease fees for water levied by the parastatal harbour authority, coupled with lack of medium-and long-term lease tenure. The risk of environmental degradation from competing harbour use by large, fossil fuel and ore transport industries is of potential future concern.
Introduction
In South Africa, as in other countries, coastal fishing communities are experiencing rising unemployment as fish stocks decline (Costa-Pierce 2008; Naylor et al. 2000; Pitcher and Calder 1998; Rönnbäck et al. 2002) . Such communities are characterised by their low average household income, high levels of food insecurity and relative isolation -all causes for growing concern because of the shortage of alternative livelihoods (Van Zyl et al. 2008) . In this regard, mariculture (the farming of marine organisms) is sometimes considered a sustainable alternative to the fishing of wild stocks (Naylor et al. 2000) , replacing jobs lost as fishing industries decline and often employing more individuals per unit of production than wild-catch fisheries (Britz 2007) . The South African government has thus come to view mariculture as a means to address the rising unemployment in rural fishing communities (Joemat-Pettersson 2010) .
The coastal town of Saldanha on South Africa's West Coast has been identified as a prime site for mussel and oyster culture. The nature of its waters gives Saldanha Bay considerable potential for the growth of this sector, as it is part of the Benguela Large Marine Ecosystem. In summer, strong winddriven coastal upwellings bring cold nutrient-rich water to the surface, providing a productive environment for phytoplankton growth as the water moves northwards. Pulses of this rich water move into the Big Bay section of Saldanha Bay every 6-10 days , creating a sheltered yet well-circulated environment that is one of few suitable for oyster and mussel culture in South Africa . In fact, Saldanha Bay is among only four sites used for the culture of Pacific oysters (Crassostrea gigas) in South Africa, and the Bay's four farms currently contribute more to national oyster production than all other sites combined. It is also the major site for the commercial production of the Mediterranean mussel (Mytilus galloprovincialis, Britz et al. 2009) .
A combination of the most recently available phytoplankton and mussel production estimates suggest that the Bay has the capacity to support considerably more than the bivalve biomass presently cultured there (Grant et al. 1998; Heasman et al. 1998; combined in Table 1 of our study). These values are from 1994 to 1995 and, providing they are used with caution (see below), give us a starting point for estimation of the development potential of this sector, which has been expanding countrywide since 2005 (Britz et al. 2009 ).
Assessment of the sustainability of such expansion in the favourable environment of Saldanha Bay is timely: in addition to the potential for revenue generation, bivalve culture employs a high proportion of relatively unskilled labour, and so can provide alternative employment in a community which has seen rising unemployment following recent downscaling of the West Coast anchovy, pilchard and hake fisheries. For example, a recent study of an informal settlement (Middelpos) in Saldanha, reported an average household monthly income of R1 346, with 34 % of employed people in the sample working in either fishing or aquaculture. Unemployment was 50-60 % (Vorster and Heinecken 2009) .
Increased reliance on aquaculture rather than fishing has the potential to improve job security in this area, but our surveys and literature review together indicate that five key factors influence the sector's potential for sustainable development, hence employment creation. These are the state, the market, funding, unpredictable environmental challenges, and the local community.
With this background, the aims of our study were threefold: estimation of the biological growth potential (production or ecological carrying capacity) for mussel and oyster bivalve culture in Saldanha Bay, translation of this into employment growth potential of the industry, and identification of non-biological constraints to such growth. We did the following: a) Conducted a literature review to estimate ecological carrying capacity for bivalves (mussels and oysters) in the Bay; Table 1 Stepwise procedure used to estimate the employment potential of the bivalve culture industry in Saldanha Bay from previously published estimates of bivalve production, in conjunction with areas allocated for mariculture
Factor Explanation and source
Total annual bivalve production in 2010 (tons live mass, mussels and oysters combined) b Rafts and long-lines in existing water lease area not stocked to maximum capacity b) Interviewed employees and managers of all existing businesses in the sector to detail the employment profile at current production levels; c) Used this profile to estimate future job creation potential of the sector, should production approach the ecological carrying capacity estimated in (a); d) Used our survey and interview results to identify further constraints to the bivalve mariculture sector in Saldanha Bay, drawing parallels with case studies of mariculture elsewhere in the world.
Accordingly, the first section of the study estimates the ecological growth capacity and employment creation potential of the sector, based on the marine ecology literature and production estimates obtained in interviews with employers and employees in the industry. The second section examines five major policy-related, social or economic influences on the sustainability, growth and employment potential of bivalve mariculture in Saldanha Bay, with the aim of identifying sector-specific constraints.
Research methodology
Fieldwork took place from November 2010 to May 2011 and comprised semi-structured individual interviews with two liaison officers working at the interface between the bivalve mariculture sector and the state (hereafter referred to as "state representatives") (Appendix A), and with directors of all five bivalve mariculture farms in Saldanha Bay (hereafter, "directors") (Appendix B). The third interviewee group comprised 28 employees representing 34 % of the entire 82-strong labour force (excluding directors, Appendix C). The sample was representative of the entire sector profile in terms of race, gender and level of education. The employee sample consisted of 20 male and five female labourers, one male and one female supervisor and one male skipper. Twenty-seven of the 28 employees were black. The average level of education for the sample was grade nine. Seventy-five percent of the sample had been living in Saldanha for 5 years or more. All the employees were permanent employees and not casual or part-time labourers as most employees in this sector are permanent.
The operational constraints of small businesses meant that these workers could not be interviewed individually during working hours. As a compromise, semi-structured focus group discussions were conducted on-site with available employees. One focus group discussion was held at each of the five companies. This took place in private and employees were asked to comment on a range of factors influencing their employment. All information was recorded anonymously.
State representatives and farm directors were asked about the influence of each of five factors identified as potential contraints, namely the state, the market, funding, the natural environment and the local community, on mariculture in Saldanha. In addition, farm directors were asked about annual production and employee totals, which were used to estimate the employment potential of the sector.
Ecological carrying capacity and employment creation potential
For the purposes of our study, we define (ecological) carrying capacity as the live mass of bivalves that can be supported by the primary (phytoplankton) production of a marine system (Grant et al. 1998) without depleting that production. In coastal waters, if nutrients such as nitrate are not in short supply, conditions are suitable for phytoplankton growth, and overstocking is avoided, culture of bivalve molluscs (oysters, mussels and clams) can produce a high-value product without two of the drawbacks of farming other species. Bivalves do not require feeding (Dumbauld et al. 2009 ), which both reduces farming costs and avoids the enrichment of the coastal marine environment with nutrients from uneaten food and faeces that are generated by other types of farmed marine life. Feeding as they do at the base of marine food webs, bivalves remove phytoplankton from the water and convert it to edible protein. Consequently, bivalve culture may improve water quality in bays by reducing the risk of phytoplankton overgrowth (eutrophication) that follows input of nutrients from human activities such as fertilization of farmland, or sewage disposal. However, because they compete with each other for an unenhanced natural resource (phytoplankton), over-stocking of bivalves potentially leads to decreased production, to the detriment of the entire ecosystem, as has happened with Pacific oysters in the Archachon and Marennes-Oléron regions of France (Buestel et al. 2009 ). Using data collected in 1994 and 1995, a suite of studies focused on the key aspects influencing bivalve productivity in Saldanha Bay: water exchange and nitrogen flux between it and the Benguela upwelling system , phytoplankton production (Pitcher and Calder 1998) , carbon flow between different trophic levels of the system (Grant et al. 1998) , and fine-scale dynamics and impacts of mussel raft production Stenton-Dozey et al. 2001 ). The mussel production system then was raft-based. We used mussel production totals from this project, coupled with projected potential estimates from an unpublished thesis (Froget 1998) carried out under the auspices of the French Research Institute for Exploitation of the Sea (Institut français de recherche pour l'exploitation de la mer, IFREMER), to estimate whole, live, shell-on mass of bivalves that might be cultured in Saldanha Bay (Table 1) without disrupting other components of the food web of the Bay-the ecological carrying capacity for bivalve culture. This exercise suggests that in the 345 ha now allocated for bivalve culture in the Bay, Saldanha is currently capable of producing 12,470-33,253 t of live bivalves per annum: 10.6 to 28.3 times the current production of 1,176 t per annum (1,000 t of mussels and 176 t of oysters, this study). The 37 % carbon surplus (excess of primary production over consumption) at the time of the 1998 studies means that these estimates are conservative, and likely to be well within the total carrying capacity of the Bay, which is ultimately dictated by nitrate-limited primary production . Local depletion of phytoplankton such as that observed between densely-stocked mussel ropes ) is likely to be less for more dispersed oyster long-lines.
Multiplying the current direct employment total of the sector (89 jobs, including directors) by the above production factors suggest an employment potential of between 943 -and 2,518 individuals, potentially benefitting an equal number of households, and supporting a further 2,830 to 7,554 peoplebetween 4.3 and 11.4 % of the total population of the greater Saldanha area (Table 1) . Moreover, the Food and Agriculture Organization of the United Nations (FAO) estimates that, for every primary sector position in aquaculture, four positions are created in the secondary sector (FAO 2009: 7) . Should the bivalve sector expand to include more value-added products than are currently produced, then it could possibly result in employment opportunities approaching those suggested by the FAO.
Ecological carrying capacity is thus unlikely to limit industry expansion, but we wish to attach several important caveats to our use of the 1998 Saldanha Bay project values to estimate the current ecological carrying capacity of Saldanha Bay for bivalve production. First, since 1994 and 1995 the biota, oceanography, productivity, and water circulation patterns of the Bay may well have changed-these are all determinants of nitrogen and carbon flow, hence carrying capacity. Second, mixed bivalve culture differs from the purely mussel culture that was the subject of the 1998 studies. Balancing these concerns is the fact that our estimates are conservative, limited as they are to the small fraction of the Bay area currently zoned for mariculture (345 ha, which equals 7.7 % of the Bay's total productive area of 4,480 ha). The 1998 studies are the best published data for estimates of ecological carrying capacity of the Bay, which is currently being reassessed (G.C. Pitcher, personal communication) as part of a programme that will yield data suitable for revision of our present estimates. In future, use of approaches such as mass-balance ecosystem modelling to estimate ecosystem carrying capacity (e.g. Byron et al. 2011 ) are likely to refine potential production values, and are vital as the industry expands. Also needed are fine-scale spatial studies of water flow and primary and bivalve productivity in modern long-line culture systems, which are less clumped than rafts.
Caveats notwithstanding, the simple estimations above yield two insights. First, constraints to bivalve production in the bay are unlikely to be ecological, highlighting the need to assess economic and administrative constraints. Second, bivalve production in Saldanha Bay has the potential to expand sustainably by at least one order of magnitude. Its potential for job creation will expand accordingly, even if economies of scale mean that the two rates of increase are not parallel. This is an important measure of the sector's socio-economic value in the context of planned expansions of mineral ore and fossil fuel industries in the Bay.
Social, economic, and policy factors influencing the sustainability and growth of small-scale mariculture Regardless of the geographical location or product farmed, five common factors influence the sustainability, growth and employment creation potential of mariculture ventures. Below, we combine published information about national and provincial policies relevant to mariculture in Saldanha Bay with data from the interviews we conducted to assess how these five factors currently affect the bivalve sector. All are interlinked, but some exert a largely beneficial influence whereas others present challenges to growth.
The state When functioning optimally, national and regional governments regulate operations and the import and export associated with mariculture, protecting the sector from user conflicts, overexpansion, and disease and other biosecurity risks such as the introduction of alien species. The state may also provide policies promoting sustainable development and local participation through, for example, creation of coastal exclusive-use mariculture zones. It may supply research funding, promote development through sponsored marketing and networking, or provide operational loans and empowerment grants (Britz et al. 2009) .
A historical perspective on the development of South Africa's aquaculture policy is provided by Rouhani and Britz (2011) , who highlighted the need for constructive cooperation between government and the private sector, particularly in businesses starting up. Mariculture has developed at a slower rate than in many other countries because of policy changes and the political transition. South African departments of provincial nature conservation departments changed policies relating to the stocking of exotic species in indigenous waters at the end of the 1980s/beginning of 1990s. As a result, government support was withdrawn from the aquaculture sector and an oyster hatchery in Knysna closed down. With the political transition in the mid1990s, aquaculture research and development lost government funding and policy support (Hinrichsen 2007) . However, growing government interest in this sector over the past 3 to 4 years has led to constructive revisions of both legislation and policy. Notably the abalone sector, but also bivalve culture, have grown in the past decade and increasingly provide employment in coastal communities (Britz et al. 2009 ).
General policy
The national policies most directly relevant to aquaculture are as follows: the The National Industrial Policy Framework (NIPF) prioritises the financial and technical support of SMMEs, together with strengthening of market opportunities (Republic of South Africa DTI 2007). However, implementation of the framework doesn't always deliver on this promise: for example, applications for support may be so complex that they require the services of specialist consultants, whose fees are only affordable by medium-sized enterprises (Britz et al. 2009) .
At the provincial level, the Western Cape has made substantial recent advances through the co-ordinating efforts of the Western Cape Aquaculture Development Initiative (WCADI). The Department of Environmental Affairs and Development Planning (DEA&DP) has published a Generic Environmental Best Practice Guideline for Aquaculture Development and Operation in the Western Cape (Hinrichsen 2007) , and the Western Cape Aquaculture Implementation Plan has been finalised.
Legislation
National legislation governing farming of farmed marine organisms within South Africa, and import of live seed and spat, is currently under revision (see overview by Rana 2011) . Most important are three Acts: the Marine Living Resources Act of 1998 (Republic of South Africa 1998), which was written for capture fisheries and is currently under revision by DAFF to improve its applicability to aquaculture. Second, the National Environmental 
Health and safety regulation
Oysters are consumed live and raw, and mussels have a particular tendency to accumulate algal biotoxins produced during Harmful Algal Blooms (HABs; Pitcher et al. 2011) . Consequently, health and hygiene standards for their culture, packaging and sale are extremely important for consumer safety. For the South African market, these are in placeregular and compulsory monitoring for heavy metals, harmful algal bloom biotoxins, and human pathogens such as coliform bacteria is carried out by the South African Live Molluscan Shellfish Monitoring and Control Programme (Republic of South Africa DAFF 2012b) in conjunction with municipal authorities. During our interviews, directors expressed varying opinions about the potential role of government support during harmful algal bloom closures: provision of disaster relief to terrestrial farmers after extreme weather is a parallel. Periodic closures represent loss of income that small operations find difficult to absorb.
In Walvis Bay, Namibia's Vision 2030 (Republic of Namibia 2004) together with government financial support for research and development played a decisive role in the recovery of the oyster sector following the HABs of 2008. Although nearly an entire year's crop of oysters was lost, supportive policies and subsidies for research and development helped rebuild the industry (Mapfumo 2009 ). This neighbouring country is a major competitor for South African oyster farmers, and is a model worth learning from.
Consequently, two of the directors we interviewed identified health certification for export as another regulatory framework crucial to the future wellbeing of the industry. In early 2012, new and stringent regulations for the import for live aquatic animals were communicated to the South African government by China, prompting transfer of state responsibility for this to the South African National Regulator for Compulsory Specifications (NRCS), in conjunction with local municipal authorities. This state of flux currently prevents direct export to the huge Chinese markets, and to the European Union: a significant bottleneck for expansion of the bivalve sector. At present, DAFF is trying to mitigate the negative impact of the transitional situation by issuing a limited number of permits for oyster export to Southeast Asian territories, such as Hong Kong.
Regulatory implementation
Although this multitude of policies aims to guide, support and co-ordinate development, the complexity of regulations leaves small-scale farmers frustrated and inhibits entry into and growth of the market. A recent countrywide survey of all aquaculture sectors revealed that excessive state regulation has led to a perception among small-scale producers that their industry is over-regulated (Britz et al. 2009 ): directors in our interviews reiterated this opinion. In Saldanha, bivalve farmers are currently required to obtain five permits: a mariculture permit that (most unpopularly) includes transport of their products at sea and onto the land, a local fishing vessel license for each vessel used, and a Fish Processing Establishment Permit to clean, wash, store and pack live or frozen products. Essential spat and seed importation requires a permit. Finally, farmers wishing to access global markets require export permits. Submission of applications for all these permits is time-consuming because electronic and postal submission systems are not in place, so documents must be submitted in person in Cape Town. The regulatory authority for these permits, DAFF, is currently engaged in streamlining permitting procedures, but substantive changes have yet to be experienced by the farmers.
Awareness of the need for regulation varied among our study participants: without permit restrictions, the sector poses threats to both biodiversity and itself. For example, oyster spat are imported and may carry potentially invasive alien organisms on their shells, and disease that may threaten farmed and wild oyster stocks. Nonetheless, as mentioned above, the application of legislation and policies developed for capture fisheries is inappropriate for a farming sector.
At odds with stated policy on enabling mariculture development, harbour water area leasing conditions and contracts are expensive and administered on a short-term profit-making basis that is inimical to medium and longterm development of the sector: all directors identified this as cause for great concern. In Saldanha Bay, bivalve farmers lease a portion of the marine "commons" from Transnet National Ports Authority (Portnet), a subsidiary of the parastatal organisation Transnet which is administered by the South African Department of Public Enterprises. Portnet designates water area for bivalve mariculture use, determines lease fees, and currently issues leases for a maximum of five years. Directors and state representatives variously described the rates charged by Portnet as excessive, the highest in the world, and 13 times higher than those charged in Namibia-one of the most significant factors hindering growth and preventing entry into the sector.
Harbour land leases for bivalve cleaning, wet storage and packing facilities are administered by the Department of Public Works, and several Saldanha Bay farmers currently hold leases on a month-to-month basis. Clearly, this makes capital investment in land-based infrastructure risky, and compounds the insecurity generated by concerns over water area tenure and expense.
The market
The second factor, market demand, is possibly the most obvious of the five influences on sustainability. Market demands fluctuate and without import restrictions, local markets may be flooded with under-priced imports. Expansion of employment capacity in bivalve mariculture is linked to the industry's ability to grow along with its local and international markets by increasing production of live and processed products, obtaining health clearance, and national and international marketing. An exciting recent development is the 2012 preparation by WCADI of a draft Western Cape Aquaculture Market Analysis and Development Programme/Strategy, which seeks to co-ordinate efforts to develop both local and international markets. Dialogue about this issue is increasing, particularly in the Western Cape.
Between 2005 and 2008, the value of South Africa's oyster production increased by 42 %, contributing R8.5 million to the total aquaculture sector in 2008. Over the same period, mussel production increased by 43 % to R6 million (Britz et al. 2009: 20) . More recently, annual production of oysters and mussels in 2010 were R14.4 and R9.1 million respectively, making these the second and third most valuable mariculture products, with the R355 million abalone sector dominating (Republic of South Africa 2011). The oyster sector has shown consistent production and market growth (Britz et al. 2009 ). A 30 % global deficit in mussel products suggests that these also have good growth potential (Karaan 2009 ). One producer commented that after 20 years, South African bivalve culture is finally beginning to make some "real progress", especially in terms of value-added and export product development (Britz et al. 2009 ).
There is great potential for South African oysters on the international market, where the demand for seafood is increasing. South Africa's natural environment, particularly the rich upwelling system on the West Coast, provides a competitive edge over many Asian countries (Karaan 2009 ), but one of the current challenges to export is South Africa's lack of international standards of health certification, discussed in the previous section.
No mussel products are exported from South Africa, as production does not fill the local market's demand. The large scale of production and the strong economies of leading mariculture producers in competing countries also pose challenges to South Africa's mussel export industry. In contrast, South African oyster production has the advantage that when northern countries are experiencing summer mortality, South African oysters are in peak condition in the middle of the southern hemisphere winter.
According to Saldanha mussel farm directors, South Africans prefer locally produced to imported mussels: this demand should translate directly into economic gains. However, local mussel products are out-sold by under-priced inferior imported mussels from countries that subsidise mussel culture, forcing local producers to cut their profit margins in order to compete. A disturbing parallel is the 2004 collapse of Amatikulu Prawns in KwaZulu-Natal, South Africa, 1 which was directly related to the dumping of surplus prawns from biannual Indian harvests on the South African market. Slower prawn growth in South Africa allowed only one harvest per year, and the suddenness of the loss of market share left no time for technology-driven increases in local production (Evans 2009; Enslin 2004; Sadek et al. 2002) .
Depression of product values by such competition, in addition to high running costs and a costly regulatory environment, prevent oyster and mussel farms from accumulating sufficient capital to reinvest in expansion, production and renewal. Thus, most of the larger farms in the Bay have reached a 'ceiling' in their economies of scale that they are unable to progress beyond without a substantial financial injection. These farms are under constant financial pressure and their directors are uneasy about the sustainability of the bivalve mariculture sector under such conditions. Expanding the mariculture farms would not only allow more effective competition for local markets, but also on the international arena.
The two directors whose companies supply oysters to the Asian market claimed that the United Arab Emirates (UAE) and the Southern African Development Community (SADC) countries wish to purchase more mussels and oysters from South Africa, as it is cheaper for them to import from here than from the Northern Hemisphere. These markets have substantial growth potential, and accessing them is central to the continued growth of the sector.
Funding
Access to adequate finance for research and development, and capital investment, was one of the highest priorities listed in Britz et al.'s (2009) benchmarking survey of South African aquaculture. The development of oyster and mussel culture in South Africa has hitherto been dependent on private-sector finances (Haupt et al. 2010 ). Investors are difficult to source, yet three of the five farms in our study rely solely on private sector funding, with no state support. This has limited the sector's expansion, and may reflect the fact that, although financial support of SMMEs is a key component of the NIPF, application for these funds is complex and difficult. Moreover, economies of scale and operational pressures often make it extremely difficult for SMMEs to generate enough profit to expand, increase efficiency, and upgrade infrastructure in order to remain competitive on national and international markets. Capital investment or low-interest loans are a mechanism through which provincial and national government might help small businesses grow into significant employers. Respondents to industry surveys in 2008 recommended "a governmentsupported aquaculture loan fund" (Britz et al. 2009 ). In a case study of an empowerment mussel business in Saldanha, Botes et al. (2006) suggested that regional government intercede in the development process of SMMEs. Once more, a positive example is set by Namibia: state funding enabled successful oyster farmers from Walvis Bay to attend international conferences on oyster production and marketing (Mapfumo 2009 ).
Emergency aid in the event of HAB-induced closures is a theoretical example of a potential support measure. The majority of directors in our survey described how the continual financial strain of biotoxin monitoring, compounded by market fluctuations, exhausts capital and prevents reinvestment. The considerable expenses for the mandatory health monitoring (described above), combined with profit losses during intermittent HAB closures, place sufficient financial strain on two of the farms we surveyed to cause suspension of employee salaries during closures. Two directors suggested that the state subsidise monitoring costs (and possibly, less realistically, employee salaries during temporary closures).
Based on our assessment below ("The Local Population"), the bivalve sector complies with funding criteria for state support, so increased confidence and state investment in bivalve aquaculture would be justified. However, because bivalve aquaculture is considered a high risk enterprise, insurance is unrealistic. Thus, temporary closures, or worse, collapse, are continuing risks to sustainability of the sector.
The environment
The fourth factor governing mariculture economics is environmental variability, both seasonal and unpredictable. The health of bivalves and their consumers is subject to both natural variation in toxic or pathological organisms, and potentially polluting large industries and coastal urban developments. Continuous environmental monitoring and conservation of the marine environment are essential prerequisites to production of healthy and edible mussels and oysters.
State intervention can improve a sector's resilience to environmental variability. In Grand Manan, the provincial government responded rapidly to the outbreak of Infectious Salmon Anaemia (ISA), implementing a twoyear moratorium on the development of any new sites, the culling of infected fish and a policy stipulating uniform grow-out cycles per site (McGeachy and Moore 2003; Marshall 2001 Marshall , 2005 . This response saved the sector from collapse.
In Saldanha, the natural environment is one of the sector's greatest assets: both the quality of the water and the relatively sheltered topology are optimal for bivalve production. For all its anthropogenic influences, natural processes such as the Benguela upwelling system and circulation of upwelled water into the Bay, still contribute to a particularly productive environment. Although heavy metal contamination levels require monitoring, the levels of nutrients, chlorophyll, oxygen and salinity, are healthy particularly in Big Bay. Small Bay, the section enclosed by the ore jetty and the Marcus Island Causeway, is more altered (Clark et al. 2009 ). Confirming this, Saldanha Bay exhibits some of the fastest bivalve growth rates in the world (Haupt et al. 2010; Karaan 2009; Pieterse et al. 2012) . Nonetheless, maintaining the quality of the water is essential for continued sustainability of the bivalve sector, particularly in view of the possibility of large ore transport, oil storage and gas transport facilities in the Bay. Further dredging of the bay would be potentially disastrous, increasing sediment loads in the water and moving settled pollutants into the water column. Filter-feeding mussels and oysters are extremely vulnerable to siltation, which impairs their ability to both exchange gases and feed.
As mentioned above in the section on legislation, Harmful Algal Blooms (HABs or "red tides") are an unpredicatable feature of South Africa's West Coast, including Saldanha Bay. Although these usually do not harm oysters and mussels, biotoxins secreted by phytoplankton during the blooms are absorbed into the bivalves' flesh and may be harmful or lethal to humans if eaten. HABs in Saldanha in 2009 Saldanha in , 2010 Saldanha in and 2011 necessitated temporary closures of all farms whose products showed levels above safety thresholds, with complete income losses for those periods. In extreme cases such as those in Walvis Bay in 2008, rapidly increasing plankton populations deplete oxygen available to other marine organisms and combine other factors to kill stock.
Although HABs are a natural phenomenon, they may be exacerbated by anthropogenic influences such as fish processing, sewage and storm water influx, or the re-suspension of sediment from underwater blasting and dredging during construction and maintenance of iron ore facilities (Clark et al. 2009; Probyn et al. 2001 ). The greatest current threat to water quality in Saldanha Bay is sewage discharge (Clark et al. 2009 ).
The marine commons in Saldanha Bay is utilised by commercial and recreational interest groups. Common challenges arise from recreational fishermen, whose motorboat propellers damage partially-submerged long-lines. Theft of sometimes large quantities of mussels for bait, accompanied by occasional cutting of mussel ropes, is a cost for mussel farmers. One director estimated the loss of stock to theft and vandalism to be R200 000 per year. Cases of intra-sector theft were also mentioned to occur on oyster farms. The director stated that such incidences could be followed up, as the sector is still small and the farm employees know each other.
Commercial fishmeal production was mentioned by one director as a problem in the recent past: compliance of fish processing plants with environmental regulations is perceived as a problem. Although this is currently not a risk in Small Bay, where recent closure of a fishmeal plant led to an immediate improvement in water quality, such plants might reopen in future. Several directors are concerned about the proposed development of mineral ore and fossil fuel (oil and natural gas) storage and harbour facilities.
Awareness of the risks of climate change and ocean acidification was limited to two directors.
The local population
The fifth factor that is critical to the success of the mariculture sector is the availability of the necessary skills and labour within the local community. The bivalve sector runs 40 to 50-hour weeks, plus overtime during peak market demands in December and January, requiring a labour force that lives close by. Economic need in the local community is manifest: the population of the town of Saldanha has grown by 29 % since 2001: from 21,640 in 2001 to over 28,000 in 2010 28,000 in (Clarke et al. 2009 Saldanha Bay Municipality 2007) . Almost half (48 %) of the population has some form of secondary education and grade 12 (matriculants) make up 22 % of the population. However, an equal fraction (22 %) of residents older than 14 years are functionally illiterate, and a mere 8 % of the population has a higher education qualification (Saldanha Bay Municipality 2007: 7) . Most households are poor: 65 % live on a monthly income of R3 200 or less, 22 % of these falling below R800 per month. In Saldanha's informal settlement, Middlepos, 41 % of households have an income of less than R500 per month and as many as 55 % of inhabitants were unemployed (Vorster and Heinecken 2009 ). Saldanha's unemployment rate far exceeds the South African municipal average (25 % in 2011 (25 % in , StatsSA 2011 . In addition to the downscaling of the fisheries, a major contributing factor to rising unemployment is the influx of job seekers from elsewhere in South Africa.
In this context, state representatives explained to us that the South African government has recognised the bivalve culture sector's socio-economic potential, and is willing to invest in companies that can demonstrate their ability to create jobs, develop viable ventures, create sustainable partnerships and promote Black Economic Empowerment (BEE). The bivalve mariculture sector has the potential to qualify for all of the funding criteria.
The first criterion (job creation) is fulfilled as bivalve aquaculture offers the highest employment per unit of investment of any of South Africa's aquaculture sectors. Oyster culture is one of the most labour intensive of all aquaculture industries (Britz et al. 2009 ) and, according to one of the state representatives we interviewed, mussel culture employs more people per unit of investment than South Africa's leading aquaculture sector, abalone.
Secondly, the bivalve mariculture sector in Saldanha is economically viable because very little additional investment in infrastructure is needed to accompany an expanding sector. Transport, communication and basic services are well established because Saldanha supports large-scale international mineral ore and fossil fuel industries.
Third, Saldanha's bivalve sector has demonstrated that both oyster and mussel farming provide a platform to develop partnerships. For example, one of the oyster farms in Saldanha Bay practices employee shareholding and has already received state funding for this. The large mussel farm is in partnership with a 100 % empowerment scheme, with six black shareholders owning nine mussel rafts (Botes et al. 2006) . None of these shareholders possesses a matric. This Broad-Based Black Economic Empowerment (BBBEE) partnership has also qualified for Western Cape Department of Agriculture funding. In general, bivalve mariculture farms in Saldanha demonstrate considerable potential for internal BBBEE. Three out of the five have a high BBBEE rating. Two of these farms are 66 % black owned: one due to the shareholder model described above and the other with two of the three directors who are black. Four of the seven supervisors across the five companies are black, as is one qualified skipper. Lack of a formal education is not a barrier to advancement within the sector: our surveys show that 75 % (both genders combined) of the workforce employed by the bivalve sector in Saldanha is educated to Grade 9 level or less, and a further 21 % of factory employees had passed matric (Grade 12). Individuals without a Grade 12 pass have limited alternative livelihood options, but their low education level need not be a barrier to entry into and empowerment within this particular industry.
The local community both influences and benefits from sustainable development of an aquaculture sector. Because mariculture generates small profits per unit production, is highly labour-intensive and requires unpredictable and often exceptionally long work-hours, particularly during peak seasons, its sustainable development requires a local community with a high proportion of unskilled and semi-skilled labourers living relatively close to their place of employment. This workforce also needs to be flexible in their approach to work-hours (and thereby income), and highly dependable.
Skills such as boat-handling, commercial SCUBA diving, mechanical repairs (pump and boat engine) and construction must also be sourced locally. Saldanha is historically a fishing town, and such skills are available, having been developed to service the industry now being replaced by mariculture.
Conclusions
Government has recognised the employment potential of South Africa's mariculture sector. Our study suggests that Saldanha's bivalve mariculture sector is sustainable, but that its development, hence the growth of its employment capacity, is limited by perceived and actual difficulties in implementation of state policies, by access to the international market, and by a lack of funding for development.
Although South African government policies ostensibly support both mariculture and small businesses, we found that directors experience the regulatory environment as more appropriate for a larger-scale industry, thus too restrictive and expensive for the SMMEs currently dominating the bivalve mariculture sector in Saldanha Bay. Exceptionally high water area lease fees charged by Portnet (13 times those in Namibia, a neighbouring competitor) were identified as another constraint. In summary, regulatory constraints and economies of scale, coupled with a lack of surety arising from the nature of marine water leaseholds, means that bivalve farms in Saldanha cannot generate sufficient capital to expand, nor can they easily secure loans from formal institutions. Thus, despite its stated objectives of supporting the sector, state implementation of those objectives still requires improvement.
Both the South African and international markets for oyster and mussel products are good despite the recent economic recession, although subsidised imports of mussels compete with local products to reduce profits within this sub-sector. The high quality of South African bivalves bodes well for the export potential of the industry. Funding for the capital outlays required to increase production and improve economies of scale would improve competitiveness on local and international markets, highlighting the second constraint identified in our study: funding. Private investment and state assistance in the form of development grants and assistance during biotoxin closures, would allow this sector to expand. Currently, constant financial strain arising from the costly regulatory environment combines with periodic closures to reduce profits and hinder reinvestment within the industry.
The natural environment is one of the sector's greatest assets, contributing to premium quality products and extremely rapid organism growth. Our estimates suggest that bivalve mariculture in Saldanha Bay has the potential to expand by 10 to 28 times. However, maintaining water quality and ecosystem health are essential to the sector's development. Risks of algal blooms are increased by fish processing, sewage, storm water or the re-suspension of sediment from underwater blasting and dredging. Consequently, environmental regulation of other industries using Saldanha Bay and the sewage and storm water systems of the Saldanha Municipality are crucial to the continued growth of the industry, hence fulfilment of its socio-economic potential. Harbour development for large ore-and fossil fuel-related industries is a real future threat.
Finally, the local community is an asset to the sector's expansion in Saldanha. An experienced pool of directors, a decades-long history of refinement of culture techniques for local conditions, and the sector's relatively low educational requirements for factory staff combine to enhance its potential for socio-economic upliftment of needy West Coast communities. Bivalve mariculture is low-impact relative to other industries in the area, so its expansion would be environmentally sustainable.
Measured against the five key influences that affect the potential for sustainable expansion, the sector has potential to expand by at least an order of magnitude, directly providing employment for between 940 and 2,500 individuals, potentially supporting 3,700 to 10,000 people. Substantial recent changes to legislative and regulatory frameworks bode well for the future of mariculture in South Africa.
INTRODUCTION: Hello, my name is David Olivier. I am currently studying for my Master's degree in Sociology at Stellenbosch University. My thesis investigates the potential for Saldanha's mariculture industry to expand and generate local employment. The information that you provide through this interview will be used along with the information from others to inform my thesis question. Your identity will be kept anonymous and anything that you choose to say will be treated with total confidentiality. You may choose to skip any question you do not want to answer and you can call the interview to a close at any time you want, if you feel the need. The questions are general questions that aim to generate discussion on South Africa's mariculture industry. Would you like to continue?
SCHEDULE:
& THE STATE has recognised the potential for freshwater and marine aquaculture to provide socio-economic development and food security, but what is it doing at the moment to develop a robust and expanding industry?
- Conflict between retrenched 'local' fishers and newly arrived job-seekers from elsewhere Port expansion; industrial/residential development ; fish-processing factories versus water quality & THE MARKET for freshwater and marine aquaculture products appears to be expanding, but not without significant international competition.
-Is the space available in Saldanha for mariculture sufficient to support the demands of an international market?
-Is the current infrastructure in Saldanha sufficient to support the demands of an international market?
& FUNDING has been identified as one of the major limiting factors to the expansion of South Africa's mariculture sector; most of the growth thus far has been sustained by private sector funding. Stakeholders in the aquaculture industry suggested a "government supported aquaculture loan fund" (Britz et al. 2009 ) being made available.
-What is the government's approach to the provision of funding for small-scale entry to the market? (small-scale operators reported not being able to benefit from the SMEDP) -What is the government's approach to financially protecting the mariculture industry from shocks such as crop failure or a market drop? -Could the mariculture industry benefit from the funding model for rural entrepreneurs mentioned in the Thank you for your participation. The information you have provided for the study will be used along with that from other interviews to address the question of the sustainability and expansion of a mariculture industry in Saldanha Bay. Everything that you have said will be treated with total confidentiality. Your identity will be kept anonymous at all times. Saldanha' s mariculture industry to expand and create local employment. The information that you provide through this interview will be used along with the information from others to inform my thesis question. Your identity will be kept anonymous and anything that you choose to say will be treated with total confidentiality. You may choose to skip any question you do not want to answer and you can call the interview to a close at anytime you want, if you feel the need. The questions are general questions that aim to generate discussion on your experiences of South Africa's mariculture industry. Would you like to continue?
& THE STATE, according to the Aquaculture Benchmarking Survey (Britz et al. 2009 ), has been unsupportive towards the entry of small-scale businesses into aquaculture in the past. Since the survey, the Department of Environmental Affairs and Development Planning (DEA&DP) of the Provincial Government of the Western Cape has published guidelines for starting an aquaculture business in which they express their interest in becoming a stakeholder in the local aquaculture industry. Other developments have also taken place to suggest that the government is becoming more supportive of South Africa's aquaculture industry.
-What would you say are some of the most important contributions the state can make towards the development of South Africa's mariculture industry?
Do you see this coming to pass in the near future? -Have you experienced any changes in the past year or two that may suggest that the state is becoming more supportive of the aquaculture industry in SA?
& THE LOCAL COMMUNITY & Projecting the industry's employment potential depends on knowing the annual/monthly production of oysters (or mussels).
-In tons fresh weight, and/or in numbers of oysters/mussels sold per month and size, what was the production output for the last year?
& The local community may benefit from an expanding industry, but the majority of unemployed individuals could miss out on the opportunity if specific skills sets are required that they do not have and if an increased in-migration quickly saturates the demand for labour positions. Thank you for your participation. The information you have provided for the study will be used along with that from other interviews to address the question of the sustainability and expansion of a mariculture industry in Saldanha Bay. Everything that you have said will be treated with total confidentiality. Your identity will be kept anonymous at all times. Saldanha' s mariculture industry to expand and create local employment. The information that you provide through this interview will be used along with the information from other interviews to inform my thesis question. Your identity will be kept anonymous and anything that you choose to say will be treated with total confidentiality. You may choose to skip any question you do not want to answer and you can call the interview to a close at anytime you want, if you feel the need. The questions are general questions that aim to generate discussion on your experiences of South Africa's mariculture industry. Would you like to continue?
Thank you for your participation. The information you have provided for the study will be used along with that from other interviews to address the question of the sustainability and expansion of a mariculture industry in Saldanha Bay. Everything that you have said will be treated with total confidentiality. Your identity will be kept anonymous at all times.
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